Experiments were conducted on the survival rate of fecal coliform after spreading the sewage sludge for desiccation on sludge beds in an open field throughout the year. The ambient temperature, humidity, sunlight intensity and solar radiation were measured during the period of sludge desiccation. The maximum average temperature, sunlight intensity and solar radiation were recorded throughout the year. During May and August the minimum microbial counts were recorded after four weeks of sludge desiccation. Relative humidity did not have significant effect on survival rate. The minimum microbial counts were taken after four weeks of sludge drying. When the sludge was mixed with three different media, the maximum count of fecal coliform was presented when soil mixed with sludge and irrigated with treated sewage effluent (TSE). When soil mixed with sludge irrigated with well water, the number of fecal coliform count dropped significantly. The minimum count occurred when compost was used instead of sludge. This was a clear indication that the source of contamination was from sludge and was mostly contributed by the TSE irrigation. The use of dried sludge after four weeks of treatment had the lowest fecal coliform count and was safe to be used as fertilizer for farming. Oman is located in a semi-equatorial belt with arid environmental conditions which are ideal for elimination of microbial pathogens. Thus, sludge desiccation in such environmental conditions, specifically during the hot months of the year, is perfect for such practice.
Introduction
Oman is considered to be one of the most arid countries in the world with an annual rainfall approximately 80 mm (Kwarteng et al., 2009) . With the rapid increase in the industrial and agricultural activities associated with the rapid increase in population, the demand for water is rapidly increasing, particularly during the last two decades. As a result, the desalination program associated with this condition is expanding rapidly throughout the country. There is also a rapid increase in the use of recycled water due to water shortage. The recycling water is used in agriculture and public parks (Al-Bahry et al., 2012a; Al-Musharafi et al., 2012) . The number of sewage treatment plants (STPs) is increasing significantly in Muscat. Recently, the STP network is being constructed in Muscat, Oman covering most of the metropolitan sectors and the adjacent communities.
Sewage recycling is associated with the formation of sludge. Sludge is used either as fertilizer, incinerated or buried in landfills (Horsewell et al., 2007) .
Disinfection using chlorine is a common practice before the release of treated sewage effluent (TSE). However, it was reported that microbial regrowth of multiple antibiotic resistant bacteria in biofilms of TSE distribution lines occurred as the effluent was pumped away at a distance from the source of disinfection (Al-Bahry et al., 2009 ). Also, it was reported the treated sewage effluents from the three sewage treatment plants (STP) contained multiple antibiotic resistant fecal coliform and Escherichia coli which contributed to soil contamination. Microbial counts increased significantly farther from the main TSE storage tank (Al-Bahry et al., 2012a) . It was suggested that multiple antibiotic resistant bacteria from TSE can be used for biomonitoring environmental pollution (Al-Bahry et al., 2012b) .
A fecal coliform, Escherichia coli, is a normal flora bacterium of animal digestive tract. It has been used as an indicator of fecal contamination of food and water and its existence indicates the possibility of digestive system microbial pathogens such as Salmonella, Shigella, and Vibrio spp contamination (Al-Bahry et al., 2012a) .
Recently, rapid distribution of multiple antibiotic resistant microbes generates dangerous pathological conditions to human health, especially with the decline in finding new antibiotics. Recent increased use of antibiotics triggered simultaneous increase in contamination among domestic animals and humans by food and vegetables. The pathogens can easily contaminate soil and underground water.
The survival rate of microorganisms in the sewage sludge depends on temperature, moisture and the time of application to soil (Horsewell et al., 2007) . In this study, the environmental conditions in Oman are ideal for eradication of pathogens, and consequently can be used as fertilizer. Lack of rainfall during most of the year, high temperature and long periods of intensive sunlight are ideal conditions to significantly reduce fecal coliform and pathogens.
The aim of this investigation is to study the survival rate of coliform as indicators for the possible existence of pathogen in the contaminated material.
Materials and Methods
The study area is located in Muscat, Oman. The sludge was taken from a residential area sewage treatment plant. Sludge was dried on dry beds in an open environment exposed to ambient temperature and relative humidity. The hours of sunlight and solar radiation (sunshine) were recorded using sunshine sensor (AT Delat, UK). The average environmental parameters were recorded weekly throughout the year.
Sludge, TSE, well water, soil and compost samples were collected throughout the year. All samples were collected aseptically during each week for fecal coliform counts following the standard methods (APHA, AWWA, WEF, 1998). The samples were stored immediately in a cool box and sent for analyses. Membrane filtration technique was used for the total fecal coliform count.
Results
There is a wide variation in temperature range between winter and summer. Temperature begins to rise in February, riches a peak in May through July, and then starts to drop gradually in August through December (Figure  1) . Although the average is below 40˚C, maximum daily recorded temperature was 46.8˚C in May and the minimum was 14˚C in January (Figure 2) .
Relative humidity is high during January through February, drops in May, then starts to rise in June through September, drops in October and begins to rise in November through December (Figure 3) .
Sunlight intensity varies 8 -10 hours daily during most of the year. Solar radiation, which follows the sunlight intensity period, has a similar pattern (Figure 4) .
The survival rate of fecal coliform dropped significantly by the fourth week of each month. There is a minimal viability rate of coliform. Viability rate of coliform increased in the months December through April throughout the year for four weeks of each month. The maximum decrease of the fecal coliform viability was during May through August which correlated to the rise of temperature, sunlight intensity and solar radiation (Figure 5) . The fecal coliform survival rate in the sludge is significantly low during May through July. Treated sewage effluent (TSE) did not significantly affect the fecal coliform survival rate in soil mixed with sludge and used as fertilizer. When the soil mixed sludge was irrigated with well water the fecal coliform count dropped significantly. The lowest fecal coliform counts were when compost was mixed with soil and irrigated with well water. The annual fecal coliform count in the four media was significantly higher in months of April and August than other months. This is correlated with optimal temperatures for growth of coliform. The optimal growth temperature of coliform is 35˚C -37˚C (Figures 1 and 6) .
Discussion
The usage of wastewater in agriculture is a common practice especially when the water source is inadequate. When contaminated wastewater is used, it can cause major health problems. The survival rate of microorganisms is prolonged sunlight, high temperature and dry conditions reduce microbial viability. In some countries the sludge is first stabilized by anaerobic digestion which can eliminate some of the pathogens in the sludge. However, frequently the survival rate remains high and can be more harmful than beneficial, especially in the country with less, rainfall (Vassueur et al., 1996; Davis et al., 1999; Leclerc et al., 2001; Zaleski et al., 2005) .
The ideal environmental factors for eliminating or reducing pathogens in the sludge requires high temperature, intensive sun light, and low relative humidity (Horswell et al., 2007) . In Oman, these environmental factors exist during most of the year. Thus, using the sludge as fertilizer is beneficial for farming due to its richness in organic matter.
In addition, the extensive usage of TSE for agriculture and public parks was reported to contain microbial pathogens that may pose public health hazards (Al-Bahry et al.) . Thus, eliminating the harmful microorganisms from the sludge by desiccation is crucial to the environment. Natural process of sludge desiccation has two beneficial environmental elements, reducing microbial pathogens from the environment and the benefit of using sludge as fertilizer. However, the use of desiccated sludge has some adverse environmental conditions such as accumulation of heavy metals in soil and its infiltration of underground water (Al-Musharafi et al., 2012 , 2013a , 2013b . In addition, sludge may contain hydrocarbons, pesticides, antibiotic residuals and pharmaceuticals. Release of pharmaceuticals and antibiotic residuals through TSE or sludge to the environment is detrimental and leads to the emergence of antibiotic resistant microbes (Al-Bahry et al., 2009 , 2012a , 2012b .
One way of eliminating this hazard condition is by spreading the sludge alternatively and rotationally in farming fields at distance from each other to prevent accumulation of pollutants specifically heavy metals. Also, the area where the sludge is applied must be tested periodically for the presence of heavy metals and other pollutants.
In conclusion, the presence of natural conditions in Oman, such as prolonged intensive sunlight, high temperatures and low relative humidity during most of the year, it would be useful environmental practice for eliminating pathogenic microorganisms from the sewage sludge in Oman.
